Structure and floristic composition of small trees and shrubs (1.5 m height to 10 cm diameter at breast height was described in two flood plain forests of the lower Ucayali river, Peruvian Amazon. The forests were of the high and low restinga type, on an annual average flooded around 1 and 2 months, respectively. The soils were nutrient rich entisols, and the vegetation forms closed high canopy forests with presence of emergents. A total of 25 permanent sample plots covering 0.64 ha were established. They were nested within six quadratic 1 ha permanent sample plots where large individuals (>10 cm DBH) were inventoried. Overall average density and basal area of the understorey were 4458 ha and 5.0 m 2 /ha, respectively. The families of Moraceae, Leguminosae, Annonaceae, Euphorbiaceae, and Lauraceae were among the most important tree families, while important shrub and small tree families were Violaceae, Rubiaceae, Melastomataceae, and Olacaceae. Two hundred eight and 204 tree species were registered in the restinga forest overstories and understories, respectively. Fifty-six percent of the species were shared between the two forest strata, while around 22% were confined to each of them. Species present only in the understorey were predominantly shrubs or treelets, while some of the species with a presence only in the overstorey were probably early succession species about to disappear from the forests.
Introduction
The understorey of a forest warrants special attention because it often contains more plant species and constitutes more to the food chain than other strata. Species may be restricted to this forest compartment, and these small individuals may provide shelter and food for many animals (Foster, 1982; Gentry and Emmons, 1987; Hubbell and Foster, 1992) . Forest rejuvenation takes place through presence of seedlings, saplings and poles in understories, gaps or on bare land according to the species in question (e.g. Denslow, 1980; Whitmore et al., 1983; Swaine and Whitmore, 1988; Clark and Clark, 1992) . Furthermore, within their niche, the small individuals may be important in processes such as recycling of nutrients (e.g. Jordan, 1985) . This implies that knowledge on the structure, floristic composition, and dynamics of the small individuals is needed to develop silvicultural systems (e.g. Lamprecht, 1989; Gomez-Pompa and Burley, 1991; Hubbell and Foster, 1992; Whitmore, 1995) .
Most quantitative botanical inventories in Amazonian rain forests have focused on large rather than small individuals (e.g. Uhl and Murphy, 1981; Boom, 1986; Campbell et al., 1986; Balslev et al., 1987; Rankin-de-Merona et al., 1992; Ayres, 1995; Valencia et al., 1994) .
However, some workers have included small individuals in their inventories (Worbes, 1983 (Worbes, , 1986 Gentry and Emmons, 1987; Colonnello, 1990; Worbes et al., 1992; Freitas, 1996a) . Many of these studies dealt with non-inundated forests, while the studies of Worbes (1983 Worbes ( , 1986 , Gentry and Emmons (1987) , Colonnello (1990) , Worbes et al. (1992) and Freitas (1996b) concerned Amazonian flood plain forests.
The present study provides a quantitative description of the structure and floristic composition of smaller sized tree and shrub individuals in two Amazonian flood plain forests on the lower Rio Ucayali in Peru. Comparisons were made with trees >_ 10 cm DBH (diameter at breast height) on the same site. Furthermore, species with sufficient densities were classified according to maximum size attained. The terms small individuals or understorey were used to signify individuals ranging in size from 1.5 m height to 10 cm DBH, while the terms large individuals or overstorey refer to individuals over 10 cm DBH.
Study area
The study was completed in the Loreto Department of Peru located in the tropical wet lowlands of the Amazon. Plots were established in high and low restinga flood plain forests in the Braga-Supay zone of the lower Ucayali river, approximately 10 km south-west of Jenaro Herrera (4°55'S, 73°44'W). General aspects of the study site were described by Kvist and Nebel (2001) , while the location, growth conditions, and overstorey floristic composition and structure in the two restinga forests were described by Nebel et al. (2001a) .
Both restinga forests were characterised by relatively fertile entisols classified as Typic Hydraquents (Andersen, 1995) . During September 1987 to February 1997 the average inundation was around 1 and 2 months per year, respectively, for high and low restinga. Both types can support high forest with a canopy height of approximately 30 m, plus scattered emergents above the main canopy. The forests appeared to be undisturbed by humans, but individuals of the most valuable commercial species may have been felled.
Materials and methods
Permanent sample plots were established during September-November 1993 to study the small trees and shrubs in the restinga forests. A total of 25 subplots measuring 16 m x 16 m were established within six square 1 ha permanent sample plots. Four 16 m x 16 m sub-plots were established in each of six 1 ha plots, and in one of these an additional 16 m x 16 m subplot was established, thus, sampling 1024 and 1280 m 2 , respectively. The sub-plots were systematically distributed throughout the 1 ha plots.
Tree and shrub individuals from 1.5 m height up to 10 cm DBH were permanently marked with numbered aluminum tags, and their coordinates, DBH and total height were measured. A vernier caliper was used for diameter measurement in the case of individuals with DBH less than 5 cm, while a diameter tape was used for individuals with 5-10 cm DBH. Individuals with total heights up to 15 m were measured with a telescopic pole, while the height of other individuals was estimated. Crown position and crown form were evaluated according to Dawkins classification (Alder and Synnott, 1992) .
In connection to the establishment of the sub-plots all individuals were identified in the field. Voucher specimens were collected when field identification could not be properly made, which was the case for 63% of the individuals. Identification of these specimens was carried out at the Herbarium at University of Aarhus (AAU) in Denmark, and for most of the families and genera specimens were sent to taxonomic specialists for identification. Individuals were recorded as unidentified in the case that the voucher specimen was lost, if the individual had died in the period from plot establishment until collection, or if it has not yet been identified.
Calculations of family importance value (FIV) accorded to Mori et al. (1983) , while species importance value (SIV) was calculated according to McIntosh (1950, 1951) .
Relative frequency was estimated using sample units of 8 m x 8 m. Calculations assumed that unidentified specimens were already represented, and consequently they did not count in the frequency calculations. Jaccard and Sorensen coefficients of similarity were calculated according to Greig-Smith (1983) and Sorensen (1948) . Formulae for FIV, SIV and similarity coefficients were given by Nebel et al. (2001a) .
Results
The density of understorey individuals was around 4400 ha in both forests, and the basal area was close to 5 m 2 /ha ( Table 1 ). The size distribution of individuals is shown in Figs. 1 and 2.
A total of 47 families were present on the 0.64 ha covered by the study, while in each of the 1 ha plots 35-43 families were represented. Of a total of 204 tree species recorded, 87-109 occurred in single 1 ha plots where four 16 m x 16 m sub-plots were established, while 120 were present in the 1 ha plot with five 16 m x 16 m sub-plots (Table 1 ). Approximately 10% of the species accounted for around 50% of the individuals (Fig. 3) . A similar pattern was observed when basal area was used instead of density.
Many of the species were found on more than one plot, both within and between the two different forest types (Table 2) .
Nineteen percent of the species were only found in high restinga, while 21% were unique to the low restinga. These forest types had high similarity coefficients (Table 3) .
The number of species encountered increased rapidly as the sample increased to -0.1 ha, after which a gradual but constant increase in new species per area unit was observed in Fig.  4 .
The relative densities, diversities, and dominances together with the resulting FIVs are shown in Table 4 for high and low restinga forests. SIVs and their components are given in Appendix A. Many of the understorey tree species also occurred in the overstorey (Table 5) . Of the 264 tree species present in the under and overstories of the restinga forests, 148 (56%) were shared between the two forest compartments, while 56 (21%) and 60 (23%) species were restricted to the small and large individuals, respectively. In the restinga forests, 226 species (86%) were comparatively small and were not observed with maximum DBH exceeding 50 cm (Fig. 5) . Regression lines calculated for density in DBH classes (excluding the diameter class 0-1 cm). High restinga is represented by the solid line (N = exp (7.657408 -0.356018 -midpoint), R 2 =0.98) and low restinga by the short dashes (N = exp (7.421199 -0.316765 -midpoint), R 2 = 0.98). Midpoints for formulae are DBH in cm. Appendix B classifies restinga forest tree species represented by 10 or more individuals according to the maximum diameter attained (DBHmax). The size classes used were based on the classification of other workers (e.g. Campbell et al., 1986; Swaine et al., 1987; Hubbell and Foster, 1992; Richards, 1996) .
Discussion
Brunig (1983) found a considerable variation in tropical rain forest density in the DBH range of around 1-10 cm (2000-20,000/ha), though the mean value was at the low end. For the same diameter range Bongers et al. (1988) reported comparable densities (2250-5000 ha) in lowland tropical rain forests. Gentry and Terborgh (1990) recorded 203 individuals (2.5-10 cm DBH) on a 0.1 ha plot in a Peruvian flood plain forest at Cocha Cashu, and commented that the forest had an open understorey due largely to lack of individuals in the size class 2.5-10 cm DBH. Comparing results from the Braga-Supay restinga forests (Table 1 , Fig. 1 ) with figures mentioned above we found that they were within the common range for lowland tropical rain forests, and data did not suggest a restriction in understorey development, as might have been suspected as a consequence of the annual flooding. The longest inundation occurred in the low restinga forest, which had the highest proportion of individuals in the smallest height class (Fig. 2) . However, it appeared that adjacent forests exposed to longer flooding had fewer understorey individuals.
Eight out of the ten most important families in each forest were shared. In the high restinga Violaceae and Arecaceae were ranked two and ten, while in the low restinga they were ranked number 21 and 17, respectively. Furthermore, the Moraceae was much more important in the high than in the low restinga. In the low restinga, the families Euphorbiaceae, Myrtaceae, Olacaceae, and Flacourtiaceae attained considerably higher values than in high restinga. Overall the tree families Moraceae, Leguminosae, Annonaceae, Euphorbiaceae and Lauraceae were among the most important. Families containing relatively many shrub and smaller tree species like Violaceae, Rubiaceae, Melastomataceae, and Olacaceae were also among the most important.
In both restinga forests the mid-canopy species Oxandra sphaerocarpa, Drypetes amazonica, and Perebea longipedunculata were important. Several important shrub species also occurred in both forests: Tococa sp., Neea floribunda, Heisteria acuminata, and Coussarea brevicaulus. Of species growing to larger sizes especially the palm Scheelea brachyclada as well as Guatteria sp. 1, Protium nodulosum, Inga cinnamomea, Maquira coriacea, Sorocea steinbachii, and Leonia glycicarpa were representative for the high restinga. Similarly among the species of smaller stature Naucleopsis glabra, Rondeletia sp., and Gloeospermum equatoriense were indicative for the high restinga plots. In the low restinga the larger growing Zygia juruana and the smaller stature Laetia corymbulosa, Myrcia sp. 5, and Rudgea sessiliflora were important. Some of these species are distinctive and may be useful in distinguishing between the forest types (Appendix A). Gentry and Emmons (1987) studied understories in neotropical rain forests, including the regularly flooded Peruvian Cocha Cashu flood plain forest. They found that more shrubs tended to be present on fertile than on infertile sites, where tree saplings dominated the understorey. Accordingly, we observed many shrub and midcanopy species (Table 5 , Appendix B) in the fertile Braga-Supay restinga forests. In adjacent closed high forests exposed to longer flooding, fewer shrub species tended to be present.
In the Braga-Supay forests, many species were present only as small individuals with diameters less than 10 cm DBH (Fig. 5, Table 5 ), which was in accordance with the findings of Gentry and Dodson (1987) . Likewise, various species were present only as individuals exceeding 10 cm DBH (Table 5 ). However, in these proportions there may be species which by chance happened to be represented by small or large individuals only. Of these species represented by more than 10 individuals, 15 were restricted to presence in the understorey, while 9 occurred in the overstorey only (cf. 60 and 56, respectively, when all species were considered, Table 5 , Appendix B). Under the environmental conditions represented by the sample, and assuming that observations were not by chance only, a species present in both the overstorey and the understorey (1) indicates that the species grows to larger sizes and rejuvenates. A species present only in the understorey (2) suggests that it is a shrub/treelet, or an invader thriving under the current environmental conditions, e.g. due to succession development. A species present only in the overstorey (3) denotes that the species rejuvenates under other environmental conditions, e.g. in a previous succession stage. The species in the Braga-Supay restinga forests belonging to (2) were mainly shrubs or treelets. Contrary, several species of (3) were large growing trees with no individuals in the sapling and pole sizes, and may be disappearing from the forests. Some of the species belonging to this group included Anaxagorea sp., Apeiba aspera, Calycophyllum spruceanum, Ceiba pentandra, Cordia lutea, Inga edulis and Pseudobombax munguba. Most of these are known to be confined to early succession stages. This indicates that the Braga-Supay restinga forests were in a succession development, which is probably most progressed for the high restinga, where large trees of Calycophyllum spruceanum were no longer present. This was in agreement with Foster et al. (1986) , Salo et al. (1986) , Worbes et al. (1992) , and Worbes (1997) who observed that floristic composition and structure of flood plain forests are highly influenced by succession stage. It also gives further evidence to the observations of Nebel et al. (2001a) , that the high restinga was in a later succession stage than the low restinga.
If large samples are available a further impression of how single species thrive may be obtained from studying in more detail their diameter distribution pattern (e.g. Denslow, 1980; Whitmore et al., 1983; Bongers et al., 1988; Swaine and Whitmore, 1988; Nebel et al., 2001b) .
Conclusion
We found that patterns of understorey floristic composition and structure, and their relation to similar figures for the overstorey, may successfully be described using sub-sampling within plots where overstorey individuals are under study. This helps to complete the description of biodiversity and forest structure, and may be used to interpret aspects of forest and population dynamics. If remeasurements are carried out, data for modelling may also be provided. However, inventories of the abundant understorey individuals are time consuming, and for forest management purposes it may make more sense to focus sampling on the species to be managed, as specific knowledge on their ecology will probably be more desirable in a forest management context.
